The FAB1 gene was cut with NdeI-XmaI. The resulting three FAB1 fragments were cloned into linearized pRS416. Each plasmid was transformed into yeast strain fab1-2 (EMY119) (Gary et al., 1998) to determine which fragment had the ability to undergo homologous recombination and replace the mutated region of DNA. Integration of wildtype DNA into the mutation site was inferred from the appearance of sporadic colonies at 37ºC. Homologous replacement of the mutation was also achieved with a Bsu36-MluI fragment. Isolation of this region of chromosomal DNA was achieved through homologous recombination using Bsu36-MluI gapped pRS416_FAB1. A single mutation of guanine to adenine at position 2591, resulted in a glycine to glutamic acid (G864E) substitution. Site directed mutagenesis of wild-type FAB1 revealed that this single missense mutation caused phenotypes identical to the fab1-2 strain.
Screen for the vac14-2 mutant
VAC14 was PCR amplified from pRS416-VAC14 using a primer from the VAC14 5' untranslated region, GCAGGATTACACCGTGATTTG and reverse primer (in pRS416) AGCGGGCAGTGAGCGCAACGC and standard Taq polymerase conditions (Boehringer Mannheim, Germany) , to produce a 3.9 kb product, which included the fulllength open reading frame of VAC14. PCR product was transformed into a vac7/Δvac14Δ strain along with pRS416-VAC14 linearized with XbaI, and transformants selected on SC-URA plates. Transformants were replica plated onto SC-URA plates supplemented with 100 µM bathophenanthroline disulfonic acid (Fluka -Switzerland). Wild-type colonies are white while vac7Δ cells are red and temperature sensitive for growth (Duex et al., 2006) . Following incubation at 37°C for 24 hours, large white colonies were selected as potential candidates. Colonies were grown in SC-Ura liquid media, and vacuole morphology of the candidates was assessed with FM4-64. Plasmids isolated from positive candidates were confirmed by retransformation into vac7Δ / vac14Δ.
TAP tagged protein purification
S13 faction was prepared as described above. IgG Sepharose beads (GE Healthcare) were added to the S13 fraction and incubated at 4°C; 1 hour. Protein complexes bound to the beads were washed 7 times with lysis buffer containing 0.5% octyl-glucoside, followed by elution in sample buffer at 80°C, 5 min.
In vitro kinase assay
in vitro kinase assay adapted from (Okada et al., 1996) . Fab1p-TAP protein from 5 OD cells bound to IgG beads, was used for one reaction. Assays performed with 10 µl beads, a liposome mixture 34.7 µl including 0.02 mg phosphatidylethanolamine (Sigma) and 0.006 mg PI3P (Echelon), in a final volume of 65 µl of 25 mM HEPES pH 7.4, 120 mM NaCl, 1.5 mM MgCl 2 , 5 mM 2-glycerophosphate and 1 mM DTT. Samples incubated at 30°C for the times indicated. Kinase reactions terminated by the addition of 243 µl Me-OH/CHCl 3 (2:1). Lipids were extracted with 58 µl 2.4 M HCl, 245 µl CHCl 3 , and the lipid phase extracted a second time with 239 µl 1M HCl/methanol/chloroform (47:48:3). Reaction products were analyzed on K6 silica Gel 60A 20 x 20 cm glassbacked TLC plates (Whatman Inc) chromatographed with the solvent (chloroform/acetone/methanol/acetic acid/H 2 O; 70:20:50:20:20) . Labeled phosphoinositides were visualized by autoradiography.
P labeled lipid standards
32 P labeled PI3P and PI(3,5)P 2 generated as described (Rameh et al., 1995) . PI and Table S1 . Yeast mutants Vac14-L>R, fab1-2 and vac14-2 are defective in hyperosmotic shock induced synthesis and turnover of PI(3,5)P 2 .
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